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INTRODUCTION 
 
 
 
 
1.1 Preface 
 
 
 Human skin fibroblasts are the major cell type in the dermis for synthesis and 
reorganization of ECM (extracellular matrix) components during wound repair. In 
addition, they are capable of secreting factors that regulate the growth and 
differentiation of other cells (Tuan et al., 1994). 
 
 
 Fibroblasts are a well established system for in vitro analysis of cell growth 
(Yamada et al., 2004), migration, and collagen metabolism (Nawrat et al., 2005). 
They have been used to study skin aging (Chung et al., 1996; Péterszegi, 2003), 
wound healing (Morykwas and Mark, 1998), genetic disorder (Paradisi et al., 2005; 
Jones et al., 2004), disease (Millioni et al., 2008), evaluating cosmetic formulations 
toxicity (Losio et al., 1999) and chemical cytotoxicity (Hidalgo and Domnguez, 1998; 
Shrivastava et al., 2005). 
 
 
 In clinical use, fibroblasts are used to produce tissue engineered skin for 
coverage and healing of wound by burns and ulcers (Saltzman, 2004).
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In recent years, the reconstruction of human tissue engineering skin has 
produced several marketed models, which vary from the simple to the complex 
system. These skin substitutes composed of autologous epidermal cell sheets 
(Epicel®, Laserskin®), dermal substrates (Alloderm®, Dermagraft®) and temporary 
coverings (Transcyte®). In addition, human skin equivalents composed of living 
epidermis and dermis are now available (Apligraf®, OrCelâ®) (Ritter et al., 2005). 
 
 
 One disadvantage of those tissue engineered skin is their relatively high cost. 
Approximately cost per square cm for the above commercial skin substitutes, ranges 
from $6.86 to $16.52 (Jones et al., 2002). Patients benefit may only be realized by its 
reduced costs. Factors that contribute to its cost are low proliferation rate, relatively 
high costs of medium components and the need for high purity biochemicals and 
water for culturing. 
 
 
 To meet these demands or reduce the cost, medium optimization is an avenue 
that can be explored. The cells can be manipulated to improve their yield and 
increase their efficiency of medium utilization or minimize the formation of toxic by-
products. Media used for cell growth are often based on commercially available 
media, in which the amount of nutrient present is not necessarily balanced with cell 
requirements and are not necessarily optimal for the cells used (Vriezen et al., 1997). 
 
 
 A deeper understanding of cell metabolism and physiology is necessary to 
overcome these problems and for further improvements in process performance of 
cells for the industrial production. Such knowledge will contribute to a better 
understanding about the state of the cultivation and the metabolic demands of 
nutrients in culture medium, as well as to initiate the appropriate control actions to 
increase cell growth and product yields (Cruz et al., 1999). 
 
 
 Cell metabolism is complicated and not fully understood. Metabolism of 
nutrients varies, depending on the culture environment as well as differences in the 
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cell line (Xie and Wang, 1994). Despite many differences in the nutritional 
requirements of cell lines, some trends are apparent (Thomas, 1986). 
 
 
 Cells require many essential nutrients, such as glucose, amino acids, vitamins, 
inorganic salts and serum components in order to survive and grow in vitro. The 
concentrations of glucose, amino acids and vitamins in the culture medium affect the 
cell growth rate (Xie and Wang, 1994). A typical growth medium of cell culture 
contains glucose, glutamine, nonessential and essential amino acids, and mineral 
salts (example: Dulbelco’s modified Eagle’s media, DMEM) (Shuler and Kargi, 
2002). 
 
 
 Glucose is important in cell culture due to it central role as a carbon and 
energy source. Glucose is converted to pyruvate by glycolysis which is then 
converted partly to CO2 and H2O by the tricarboxylic acid cycle (TCA) cycle to 
produce energy, partly to lactate, and partly to fatty acids. Through the pentose 
phosphate pathway, glucose is utilized for biomass synthesis. Cells are also capable 
of synthesizing glucose from pyruvate by the gluconeogenesis pathway (Shuler and 
Kargi, 2002). 
 
 
 Glutamine is another important energy and carbon source in cells. Its 
requirement is far greater than other amino acid. Glutamine enters into the TCA 
cycle through the process of glutaminolysis to yield carbon skeletons for other amino 
acids and to yield ATP, CO2 and H2O. Part of the glutamine is also deaminated to 
yield ammonium and glutamate, which is converted to other amino acids for 
biosynthesis purposes (Shuler and Kargi, 2002). The metabolism of glutamine and 
glucose is interactive (Zielke et al., 1978). 
 
 
 The release of lactate and ammonia as waste products of metabolism is 
probably the most important cause of growth limitation in batch cultures. Limitation 
of soluble oxygen (Kashiwagura et al., 1984), breakdown products of medium 
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component, and other growth inhibition factors (Schlaeger and Schumpp, 1989) also 
contributed. Formation of lactate and ammonia at high levels are toxic to cells, 
primarily by altering intracellular and lysosomal pH (Shuler and Kargi, 2002). It is 
generally accepted that decreased cell growth rate and cell viability are the 
consequences of waste products accumulation or nutrient depletion. 
 
 
 The goal of this study was to characterize the growth and metabolism of 
human skin fibroblasts under current culture conditions and commercial medium 
used. Glucose, glutamine, amino acids, lactate and ammonia were parameters chosen 
in these experiments. Cell specific consumption and production rates in fibroblasts 
were investigated to determine common characteristics in the metabolism of these 
cells. Since the metabolism of these nutrients and metabolites are central to the 
health and function of cells (Thomas, 1990), understanding how cells utilize them 
should help in developing strategies for their optimization. 
 
 
As a research tool, continuous culture provides well-defined cultivation 
conditions for biochemical and physiological characterizations of cells. It allows an 
independent variation of growth parameters, enabling reliable kinetic studies of cell 
growth and metabolism for process optimization. The major applications of 
continuous culture are however still found in fundamental studies and process 
optimization in laboratory scale (Zeng and Bi, 2006). In the other hand, kinetics of 
animal cell culture has been extensively studied in batch culture. Advances of batch 
culture include short cultivation time, simple operation and process monitoring. So 
our study was carried out in batch culture by using T-flask or multiwell plate. 
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1.2 Objectives 
 
 
 The objectives of the present study were to investigate the effect of culture 
condition on human skin fibroblasts growth, and to characterize human skin 
fibroblasts growth and metabolism. 
 
 
 
 
1.3 Scopes 
 
 
 To achieve the objectives, the following scopes were carried out: 
 (i) Determination of fibroblasts growth and inter individual variation. 
 (ii) Determination of fibroblasts culture condition parameters. Parameters 
  studied were fibroblasts seeding density (SD), medium volume to cell 
  growth area ratio (VAR), interval between medium changes (IMC) 
  and way medium changes (WMC). 
(iii) Characterization of fibroblasts metabolism in term of glucose, 
glutamine, amino acid, lactate and ammonia consumption and 
production. 
